Melioidosis is a bacterial infection caused by Burkholderia pseudomallei. The aim of this study was to determine whether a cell-mediated adaptive immune response against B. pseudomallei developed in patients who had recovered from melioidosis. Lymphocyte proliferation assays were done on peripheral blood mononuclear cells from patients ( ) and control n p 13 subjects ( ) to determine the lymphocyte response to B. pseudomallei antigens. Producn p 10 tion of interferon-g and interleukin-10 was also determined. Activation of T cell subsets was assessed by fluorescence-activated cell sorter analysis, using antibodies to CD4, CD8, and CD69 antigens. Lymphocyte proliferation and interferon-g production in response to B. pseudomallei antigens were significantly higher ( for both) in patients than in control P ! .001 subjects. There was also an increase in the percentage of activated CD4 + ( ) and ac-P ! .004 tivated CD8 + T cells ( ) in cell cultures from patients. The development of such a cell-P ! .035 mediated immune response in patients may be essential for their survival.
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Melioidosis is a bacterial infection caused by Burkholderia pseudomallei. It occurs primarily in tropical and subtropical regions [1] . B. pseudomallei is a gram-negative saprophyte, which is widely distributed in soil and water in regions where it is endemic. Infection occurs in humans and animals, and it is acquired by inoculation, inhalation, and possibly ingestion. There is a wide spectrum of clinical presentations resulting from this infection.
B. pseudomallei has been classified as a facultative intracellular pathogen [2] [3] [4] , which has important implications for the immune system. In intracellular bacterial infections caused by organisms such as Salmonella and Mycobacterium species, the central role of the T cell in adaptive immunity against the intracellular pathogens has been demonstrated [5] . However, to Received 
Subjects and Methods
Subjects. The 13 patients selected for this study had a clinical presentation consistent with melioidosis and a diagnosis confirmed by isolation of B. pseudomallei from blood or tissues (table 1). The mean age of the patients was 58 years (range, 31-74 years). Eight of the patients were men, and 5 were women. The cellular assays were done with blood samples from these patients, all of whom recovered from melioidosis and had no clinical evidence of the disease at the time when the assays were done. The mean time after diagnosis of melioidosis in patients was 23 months. The 10 control subjects were from the same geographic region. They had no clinical history of melioidosis and were serologically negative for antibody to B. pseudomallei. They included 5 men and 5 women, with a mean age of 51 years (range, 38-62 years).
Lymphocyte proliferation assays. Proliferation assays were done to determine lymphocyte responses to a cocktail of B. pseudomallei antigens prepared from strain NCTC13179 by sonication, using a breaking buffer containing leupeptin (0.2 mg/L), pepstatin (0.2 mg/L), and Kunitz DNAse (50 U). Each proliferation assay included samples from up to 3 patients and 2 control subjects. Peripheral blood mononuclear cells (PBMC) separated from heparinized blood were cultured in 96-well plates (10 5 PBMC/well) in RPMI 1640 medium (Life Technologies) supplemented with pooled human serum (10% vol/vol) and antibiotics. Triplicate wells of cells were stimulated with either 1 mg/mL B. pseudomallei antigens or 15 mg/mL purified protein derivative (PPD; CSL Biosciences). Cul- ϩ CD69 ϩ and CD8 ϩ CD69 ϩ expression between stimulated and unstimulated cells was considered to reflect activation of CD4 ϩ and CD8 ϩ cells after in vitro stimulation. Antibody titer. A semiquantitative indirect hemagglutination assay (IHA) was used to determine serum antibody titers to B. pseudomallei antigens. Those with a positive reaction (titer 11:40) were confirmed by ELISA for B. pseudomallei-specific IgM and IgG [6] .
Statistical analysis. Maximal lymphocyte proliferation between 4 and 7 days of culture (maximum SI and counts per minute from 4 time points) for each individual in the patient and control groups and the production of cytokines were analyzed by univariate analysis of variance, using SPSS statistical software (version 8). Dependent variables were tested for normality with a Q-Q plot and were transformed when necessary. Differences in CD4 ϩ CD69 ϩ and CD8 ϩ CD69 ϩ expression in cultured cells from patients and from control subjects were assessed by Student's t test after arc sign transformation of data. Correlation between sets of data was assessed by Pearson's correlation and was considered to be significant if the probability of a type I error was !.05% ( ). Mean P ! .05 values in the text are expressed as mean ‫ע‬ SEM.
Results
Antibody titers at the time of the study ranged from 1:5 to 1:5120 (table 1) . However, there was no correlation ( ) P 1 .05 between maximal antibody titer at the time of hospitalization (data not shown) or investigation (table 1) and cell proliferation or cytokine production. There also was no correlation between the time since diagnosis of melioidosis and proliferation of lymphocytes in response to B. pseudomallei antigens, and there were no differences between the parameters assessed for the patients who initially presented with or without septicemia.
The maximum SIs and the maximum counts per minute observed in the lymphocyte proliferation assays in response to B. pseudomallei antigens were compared for patients and control subjects (table 1) . There was a significantly higher proliferation of lymphocytes in cell cultures derived from patients (mean SI, ; mean cpm, ) than in those derived from 75.0 ‫ע‬ 21. 4 2120 ‫ע‬ 604 control subjects (mean SI, ; mean cpm, ), as 11.7 ‫ע‬ 2.1 311 ‫ע‬ 76 assessed by both SI ( ; figure 1 ) and counts per minute P ! .001 ( ). Although high levels of proliferation were observed P ! .001 in patients (mean SI, ) and in control subjects 152.7 ‫ע‬ 42.6 (mean SI, ) in response to PPD stimulation, the 155.6 ‫ע‬ 26.3 difference between the groups was not significant ( ). P 1 .05 IFN-g production in response to B. pseudomallei antigens was significantly higher on days 2 ( ) and 6 ( ) P ! .001 P ! .001 (figure 1) in cell cultures derived from patients than in those derived from control subjects. There was a positive correlation between IFN-g production and maximal proliferation of lymphocytes obtained from patients after B. pseudomallei antigen stimulation at days 2 ( ; ) and 6 ( ; r p 0.69 P ! .001 r p 0.69 ). Such a positive correlation was not observed in con-P ! .001 trol subjects. There was no significant difference in IFN-g production between cell cultures derived from patients (2183 ‫ע‬ pg/mL) and control subjects ( pg/mL) after 958 1436 ‫ע‬ 1971 stimulation with PPD. A positive correlation was observed between the amount of IFN-g production and maximal proliferation of lymphocytes in cell cultures derived both from patients ( ; ) and from control subjects ( r p 0.65 P ! .001 r p ; ) in response to PPD at day 6. Levels of IL-10 0.69 P ! .001 in cell culture supernatants of patients and control subjects were not significantly different at day 6 of culture after stimulation with B. pseudomallei antigens. However, high IL-10 levels were detected in cell culture supernatants derived from both patients ( pg/mL) and control subjects ( pg/mL) af-704 ‫ע‬ 163 768 ‫ע‬ 134 ter stimulation with B. pseudomallei antigens. There was no correlation between IL-10 production and cell proliferation or with IFN-g production.
On days 2 and 6, the percentage of activated CD4
after B. pseudomallei antigen stimulation was higher in cultured cells derived from patients than in those derived from control subjects. At day 6, there was a significant difference ( ) P ! .004 between the percentages of activated CD4 ϩ T cells in patient and in control samples ( vs. , re-2.09% ‫ע‬ 0.52% 0.26% ‫ע‬ 0.12% spectively). A similar trend was observed between activated CD8 ϩ T cells from patient and control samples (1.70% ‫ע‬ vs. , respectively; ). 0.34% 0.80% ‫ע‬ 0.15% P ! .035
Discussion
The data presented here demonstrate that lymphocytes from patients who had recovered from melioidosis (compared with those from control subjects) proliferate in vitro in response to B. pseudomallei antigens, produce significant amounts of IFNg, and may involve both activated CD4 ϩ and CD8 ϩ T cells. To our knowledge, this is the first direct demonstration of the possible role of lymphocytes in the development of a cell-mediated adaptive immune response in melioidosis. A positive IHA test result (titer 11:40) is considered to be serologic evidence of B. pseudomallei infection [6] , although it is not indicative of active disease. In this study, a wide range of antibody titers in the patient group was observed. This is consistent with another study that found that levels of IgG were not predictive of disease outcome [7] , which suggests a need for cell-mediated responses in the development of protective immunity.
Assessment of lymphocyte proliferation and production of IFN-g in PBMC cultures after in vitro exposure to bacterial antigens provides a measure of antigen-specific lymphocyte responses to recall antigenic challenge. The significantly higher proliferation of lymphocytes and the high levels of IFN-g in culture supernatants from patients (figure 1) are indicative of the recognition of B. pseudomallei antigens by memory T cells. The patients and control subjects participating in this study had comparable cell-mediated immune responses to the antigen PPD, as assessed by lymphocyte proliferation and IFN-g production. A crude preparation of B. pseudomallei antigens was used in this study, to include all possible combinations of antigens to which the host might be exposed during the disease process.
IL-10 is produced late after endotoxin challenge, predominantly by monocyte/macrophages and T cells, which supports the view that it is a natural defense mechanism against excessive inflammatory responses after infection [8] . It is also a potent inhibitor of IFN-g and IL-12. High levels of IL-10 in lymphocyte cultures are known to suppress cell proliferation and production of IFN-g [9] . In this study, there was no significant difference in the amount of IL-10 in cultures from the 2 groups. Therefore, the inhibitory effects of IL-10 in cell cultures from both groups may have been similar. Although clinical studies have demonstrated an association between elevated levels of IL-10 and other proinflammatory mediators and increased mortality [10] [11] [12] [13] , the precise role of IL-10 in suppression of immune responses in melioidosis is unclear.
CD69, a protein expressed early on the surface of stimulated T cells, is used as a marker of activation and correlates with the antigen-specific proliferative response of lymphocytes [14, 15] . In this study, CD69 expression was assessed 2 and 6 days after stimulation, because we believed that detection of a limited number of B. pseudomallei-specific T cells in cultures at a very early stage would be technically difficult. Increased CD69 expression can also be attributed, in part, to the presence of high levels of IFN-g. In this study, the expression of CD69 in both T cell subsets was higher in patients than in control subjects, indicating a possible role for both CD4 ϩ and CD8 ϩ T cells in B. pseudomallei-specific immune responses.
The significantly higher cell proliferation, IFN-g production, and activation of T cell subsets observed in the patient group, compared with control subjects, after in vitro challenge with B. pseudomallei antigens may be explained by antigen-specific memory cell responses. It is tempting to speculate that the patients included in this investigation survived the disease because of the development of a protective adaptive immune response to B. pseudomallei. The current study provides valuable information that should influence the design of future studies, with larger groups of patients, correlating T cell function and changes in cytokine levels with outcome. Adoptive transfer experiments in animal models are required before definitive conclusions can be reached on the development of a protective immune response to B. pseudomallei.
